Introduction
Mares retain the ability to produce offspring for a relatively long period of time. The average horse lifespan is 25-30 years and it is estimated that mare can give birth to a healthy foal till the age of 20 years, or even later. Nevertheless, fertility in older mares decreases significantly every year and so the possibility of obtaining offspring is an individual feature (Scoggin, 2015) . When comparing two mares with different reproductive statuses at the same age (over 15 years old) it is estimated that mare which foaled in the previous breeding season will have a greater chance to get pregnant than mare with fertilization or gestation problems. It cannot be assumed that mare which has never given birth will be fertile at an older age (Bosh et al., 2009 ). Therefore, breeding management of older mares is difficult and requires investment of time, money, and a lot of effort (Byszewski and Gromnicka, 1994) .
The breeding aspect of older mares reproduction
Horses are late maturing animals with the lowest reproduction ratio among farm animals. In the population of broodmares about 5% is not mated due to the lack of heat, 23% do not get pregnant despite many attempts, and in almost 10% of mares the pregnancy is lost at different stages. Including loss of foals at peripartum period, the overall ABSTRACT. It is thought that mares being 20 years old can still give birth to foals, some individuals are even longer capable to be pregnant. However, each year mare owners should realize that the older mare the more decreased horse fertility. An aged mare that has recently had a foal has a greater chance to become pregnant again than a mare of similar age that has remained barren despite being bred over multiple oestrous cycles during the previous breeding season. The fact that an older mare has never been mated previously (maiden mare) does not indicate whether she will be fertile or not. Older mares may develop clinical problems that may adversely affect fertility, which leads to consecutive stressful and troubling interventions of breeders and veterinarians. So, strategies increasing the probability of pregnancy in horses are essential for breeding management and for sure will help to maintain animal welfare at high level.
outcome at the end of breeding season can be lower than estimated (Marteniuk et al., 1998) . What is more, a big emphasis is put on selecting traits of successful sport and working horses, without paying attention to reproductive features. This often leads to the improvement of race and sport skills and reproductive parameters deterioration at the same time (Byszewski and Gromnicka, 1994) . As a result, breeders are seeking animals that not only would achieve excellent sport and race results but also would get considerable number of offspring which inherit desirable traits. This is the reason for using genetically valuable broodmares as long as possible. As a consequence the best mares are used for breeding until gaining a relatively old age, which may cause a problem of decreased fertility in this group (Nowicka-Posluszna and Zygmunt, 2001) .
Reproduction of mares used in sports may be problematic. It is proved that horses which race often have lower fertility or proper embryo development is disturbed. Frequent body temperature changes and exposure to stress result in hormonal balance perturbations. What is more, sport horse owners in many cases decide to use hormonal treatment to block normal oestrus cycle. Because of the unusual levels of progestins in blood, physiological levels are often achieved after a long time. Also drugs used in racing horses often affect horse fertility. Vaccinations against gonadotropin releasing hormone (GnRH), used for suppression of oestrus, eliminate mares from breeding for many weeks (Elhay et al., 2007) . Also, it is impossible for recently foaled mare to start racing again immediately, which is connected with huge stress associated with separation from foal, as well as with somatic changes in mare's musculature and racing outcome (Stout and Colenbrander, 2004; Burger et al., 2008; Sairanen et al., 2011) .
Warmblood mares achieve sexual maturity at the age of 16-17 months and the full reproductive maturity at the age of 4-5 years, which is the optimal time for the first attempt to reproduce. Getting pregnant too early, at the age of 2.5 years, delays or can even stop further somatic development (Samper, 2009) . Breeding strategies include selection of young mares which have just matured as well as older mares which have already completed sports career. Broodmare can give offspring every year and the peak of fertility is achieved at the age of 6-7 years (Wilsher and Allen, 2003; McKinnon et al., 2011) . Around the age of 15 years mares fertility decreases gradually and affects reproduction ratio in an unfavourable manner (elongation of service period and average period between parturitions) (Davies Morel and O'Sullivan, 2001; Ishii et al., 2001; Nowicka-Posluszna and Zygmunt, 2001 ). Thus, this can be considered as a consequence of aging of the reproductive system. The definitions of particular indicators, their values and the changes with age are shown in Table 1 .
The pregnancy ratio in young fertile mares is 50-60% if mare is bred to one fertile stallion in one heat, whereas in older mares the same ratio is 30-40%. What is more, older mares usually require more oestrus cycles to get pregnant than younger ones (Bos and Van der Mey, 1980; Camillo et al., 1997; Davies Morel et al., 2005) .
Clinical aspect of older mares' reproduction
Breeding season of an older mare should be preceded by a thorough clinical examination. Anamnesis should include reproduction history. If older mare (over 15 years old) does not show any signs of infertility, clinical, ultrasonographic examinations and endometrial swab samples taken for bacteriological investigations will be sufficient. If unsuccessful attempts have been performed to fertilize the mare, the examination should additionally include:
• detailed evaluation of perineal anatomy (measurement of the angle and muscle tonus of the vulva), • examination with speculum, • manual palpation of cervix, • detailed ultrasonographic evaluation of reproductive system, • endometrial sample collection for bacteriology and cytology, • uterine mucous membrane biopsy (Bracher et al., 1997; Samper and Pycock, 2007) . In clinical examination, one or more causes of decreasing fertility in older mares can be found. The changes in older mares include:
• anatomical abnormalities in vulva, • increased susceptibility to uterus inflammation, • persistent post breeding endometritis, • progressive uterine fibrosis, • endometrial cyst formation, • increased incidence of ovulation failure (Carnevale et al., 1993; Wilsher and Allen, 2003; Davies Morel et al., 2005) . Progressive cranial collapse of dorsal labia commissure becomes more significant with the age because of gradual atrophy of perianal fat and decreased mass and tonus of surrounding skeletal muscles. Therefore, taking into consideration older mares Average length of period between consecutive pregnancies Days of all periods between two consecutive pregnancies/number of periods between pregnancies No significant correlation, moderate tendency to lengthen the period between consecutive pregnancies (over 35 days) in mares over 10 years old (Maliszewska, 2011) Average length of period between consecutive foaling Days of all periods between two consecutive foaling/number of periods between foaling
No significant correlation (Cilek, 2009) Fertilization ratio Number of pregnant confirmed mares/number of oestrus with insemination x 100% Significant decrease in mares over 14 years old (from 61.2 -62.7% to 50 -51.4%) (Morris and Allen, 2002) Fertilization ratio in the foal heat Number of pregnant confirmed mares/number of mares inseminated in the foal heat x 100% Significant decrease in mares over 16 years old (from 66.67 to 26.67%) (Sharma et al., 2010) Length of service period Number of days from the first heat in the season or after parturition, until the successful insemination No significant correlation, moderate tendency to lengthen the service period in mares over 12 years old (Cilek, 2009) Early embryonic death Number of embryonic deaths/number of pregnancies until 14 day after fertilization x 100% Significant increase (from <10% to 60 -70%) in mares over 18 years old (Vanderwall, 2008) Late embryonic death Number of embryonic deaths/number of pregnancies from 14 until 40 day after fertilization x 100% Significant increase (from 10 -15% to 20 -30%) in mares over 18 years old (Vanderwall, 2008) Incidence of foal death Number of dead foals/number of pregnancies x 100% Significant increase (69.23%) in mares over 10 years old (Maliszewska, 2011) Incidence of endometrial cysts Percentage of cyst occurrences in samples collected from endometrium Significant increase in mares over 14 years old (from 29.1 to 73.1%) (Stanton et al., 2004) in poor condition, the anatomical abnormalities are particularly aggravated. Changes in angulation of vulva may significantly limit the possibility to obtain and maintain pregnancy. Deformed labia can no longer act as a mechanical barrier for ascending infections of reproductive system and can allow air aspiration into the vagina (pneumovagina). Anatomical abnormalities are an indication to perform Caslick's surgery to decrease the size of vaginal opening and therefore limit the risk of air aspiration and infections (Wilsher and Allen, 2003; McKinnon et al., 2011) . As the mare gets older, some functional and anatomical changes in endometrium might occur, including: endometrial fibrosis, inflammatory cell infiltration, endometrial cyst development and uterine gland atrophy. Degenerative changes of endometrium, classified as endometriosis develop regardless of the number of pregnancies in mares which have not given birth as well as in multiparous ones (Pycock, 2006) . Diagnosis, fertility prognosis and estimation of further ability to complete pregnancy is based on endometrium biopsy results. In the four-grade scale system the 1 st category includes healthy mares with no pathological changes in endometrium, whereas other categories describe degenerative changes: mild (2 nd A and B categories) to severe (3 rd category). The more advanced changes in endometrium worsen the prognosis for fertilization, which is for the category I: 80-90%, IIa: 50-80%, IIb: 10-50%, III: 10% (Samper and Pycock, 2007; Hoffmann et al., 2009) .
Old mares are more susceptible to infections and post breeding endometritis. Decreased uterine contractility results in impaired expulsion of seminal plasma, sperm cells, cellular elements and inflammatory exudate after mating or inseminating. This can lead to pathological fluid accumulation in the uterus. The change in uterine environment makes it impossible for the migrating embryo to develop and may cause early embryonic death (Carnevale et al., 1993; Bracher et al., 1997) .
In middle-aged mares an increased number of incidences of early embryonic death is observed. Chronic endometritis, post breeding endometritis and luteal insufficiency start playing a significant role. Comparing plasma progesterone levels in old and young mares which are in diestrus and early pregnancy (28 days after fertilization), significantly higher plasma progesterone concentration in older mares is observed. It is suspected that older mares require higher progesterone concentration for the maintenance of pregnancy (Hendriks et al., 2009 ). The incidence of early embryonic death (until day 16 after fertilization) is estimated at 9% in young mares and at 62-73% in old mares. In the latter group, days 5 and 6 after fertilization are critical as a sudden increase of embryonic death incidence is observed. Late embryonic death (between days 16 and 40 of pregnancy) occurrence is estimated at 5-24% in young mares, whereas in old mares the percentage is much higher (Ball, 1988; Meyers et al., 1991) .
Furthermore, old mares (over 15 years old) can demonstrate limited reproductive performance because of functional changes in ovaries (Madil, 2002) . The first ovulation in the season may occur with two weeks delay (Van Niekerk and Van Heeden, 1972) , and the period between two consecutive ovulations can be extended due to longer follicular phase (Carnevale et al., 1993; Wilsher and Allen, 2003) . Repeating extended follicular phase (no ovarian response to high GnRH blood concentration) and more frequent ovulation disorders might suggest that the mares reproductive system is aging, which results in the small amount of primordial ovarian follicles (Montovan et al., 1990; Carnevale et al., 1993 ). There is a higher incidence of spontaneous ovulation disorders (McCue and Squires, 2002) and a decreased response to treatment inducing ovulation in older mares (Farquhar et al., 2000) . The number of anovulatory hemorrhagic follicles (AHF) increases with the age and is found in about 4.5% of mares at the age of 10 years old and in more than 13% of mares older than 16 years (McCue and Squires, 2002) .
Moreover, as the mare gets older, the risk of Cushing syndrome increases and this can additionally contribute to lower reproductive performance (Magee et al., 2009) . Equine Cushing Disease (ECD) usually occurs in old horses (over 20 years old), as a consequence of losing the hypothalamic dopaminergic inhibition, which can promote hypertrophy, hyperplasia of pituitary gland or oncogenic transformation into pituitary adenoma. The clinical signs of ECD include excessive hair growth, loosing hair, polyuria, polydipsia, diaphoresis (McCue, 2002) as well as reproductive disorders manifesting in disrupted heat behaviour and decreased fertility (Dybdal et al., 1994) .
Welfare aspect in horse breeding
In the wild, horses can constantly interact with each other. Nowadays neither natural mating nor artificial insemination allow to express normal behaviour (McDonnell, 2000) . Because of time limitations animals interact with each other very rarely, which is not proper for them. Hobble may be sometimes used in mares during coitus to prevent harming stallion. Furthermore, each mating relates to transportation of horses, even over long distances (Mills, 2013; Campbell and Sandøe, 2015) . Artificial insemination (AI) eliminates this inconvenience, however it is not allowed in Thoroughbred horses breeding.
If fertility is lowered, profound examination should be performed, even if it leads to discomfort of mares. It is helpful in evaluation of breeding capability and allows to choose the best treatment, saving animals from needless efforts. Many troubling (uterine lavage) or painful (surgeries) operations may be omitted, if results of properly performed examinations demonstrate its redundancy (Ashley et al., 2005; Robertson and Sanchez, 2010) .
Because of fertility problems in older mares, breeding management should be focused on limitation of negative welfare effects. By reducing the number of fertilization attempts breeding management is limiting many kinds of stressful situations, both for mares and stallions (Campbell and Sandøe, 2015) . Lowered number of transportations, inseminations or matings and other actions can be also expected. Estimation of chances to get a foal helps owners to make decisions if fertilize mare or not.
Breeding management of older mares
Due to decreased number of complete oestrus cycles and increased incidence of uterine pathologies in older mares, it is necessary to put considerable effort into mating and insemination strategies. Breeding management of old mares aims at increasing possibility to obtain offspring and includes:
• correcting anatomical abnormalities of vulva (Caslick's surgery), • using very good quality semen (highly fertile stallion) (Wilsher and Allen, 2003 ), • choosing the optimal time of AI/mating (frequent ultrasonographic examination), • pharmacological stimulation of ovulation for precise prediction of ovulation time (human chorionic gonadotropin (hCG) or GnRH agonist) (Farquhar et al., 2000; McKinnon et al., 2011) , • single insemination possibly closest to the moment of ovulation, • confirming ovulation with ultrasonographic examination, • post breeding monitoring of fluid accumulation in uterus,
• uterine lavage in case of fluid accumulation and uterine contractility stimulation (oxytocin) -every day for 4 days after insemination, starting 6 h after insemination, • supporting early pregnancy development with progesterone supplementation from day 5 to 120 after ovulation (altrenogest) (Carnevale et al., 1993; Bracher et al., 1997; Davies Morel et al., 2005) .
Conclusions
It is difficult to get offspring from old mares previously used in sport, because the use of this horses is extremely specific and they are not selected into breeding features. Older mares tend to drop fertility indexes, not only because of insemination problems, but also because of frequent pregnancy losses. Moreover, some individuals are not capable to get pregnant anymore. It is crucial to perform appropriate examinations to determine exact degenerative changes and afterwards to apply medical treatment helping mares to get pregnant. During operations conducted in breeding management of older mares welfare should be taken into consideration. Proper handling may be useful in improvement of mare's welfare during breeding.
